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LUBRICANT COATING FOR EXPANDABLE 
TUBULAR MEMBERS 

Badcground of the Invention 
This invention relates genetally to coupling at least one mbular member to a 
preexisting structure. The at least one tubular member may be for example, a v^llbore 
casing, an underground pipe or a structural support. For convenience, the invention will be 
described hereinafter with reference to wcllbore casings. 

Conventionally^ when a wellbote is created, a number of casings are installed in the 
borehole to prevent collapse of the bomhole wall and to prevent undesired outflow of 
drilling fluid into the fonnation or inflow of fluid fiom the ibrmation into the borehole. 
The borehole is drilled in intervals v^ereby a casing which is to be installed in a Iwm 
borehole Interval is lowered through a previously installed casing of an upper borehole 
interval. As a consequence of this procedure the casing of the lower interval is of smaller 
diameter than the casing of the upper interval. Thus, the casings are in a nested 
airangcment with casing diameters decreasing in downward direction. Cement annul! are 
provided between the outer surfaces of the casings and the borehole wall to seal the casings 
fiom the borehole wall. As a consequence of this nested arrangement a relatively large 
borehole diameter is requited at the upper part of the wellbore. Sudi a large borehole 
diameter involves increased costs due to heavy casing haiuUing equipment, large drill bits 
and increased volumes of drilling fluid and drill cuttings. Moreover, increased drilling rig 
tune is involved due to required cement pumping, cement hardening, required equipment 
changes due to large variations in hole diameters drilled in the course of the well, and the 
large voliune of cuttings drilled and removed. 

The present invention is directed to overcoming one or more of the itmitations of 
the existing procedures for forming wellbores. It has been proposed to form wellbore 
casings using expandable tubular members, and the present invention is particularly 
directed to improving methods and apparatus using at least cme expambble tubidar 
member. 

Summary of the Invention 
30 According to a first aspect of the present invention, a method of coupling an 

expandable tubular assembly including at least one tubular member to a preexisting 
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stnictuit^ comprising coating the interior surfaces of the at least one tubular members with 
a lubricant; positioiung the coated at least one tubular member within a preexisting 
stnictUTp; and radially expanding the coaled at least one tubular member into contact with 
the preexisting structure using an oq^ansion cone that en^ges the coating. 

5 Also according to the first aspect of the present invention, an apparatus is provided 

dial oom]»ise$ a preexisting stnzctuie and at least one tubular member coupled to die 
preeidsling atrocture by the proee$$ of coating the interior sur&ce of the at least one 
tubular member with a lubricant; positioning the coated at least one tubular member within 
a pieexisting structure; end radially expanding (he coated at least one tubular member into 

10 contact widi the preexisting structure using an expansion cone that engages the coating. 

According to a second aspect of the present invention, there is prodded a method 
of coui^g an expandable tubular assembly including at least one tubular member to a 
preexisting structure, comprising coating the interior surface of the at least one tubular 
member with a first part of a hibricant; positioning the coated at least one tubular member 

15 ^thin a pieexisting structure; drculadng a flnidic material including a second part of the 
hibricant into contact with the coating of the first part of the lubricant; and radially 
expandii^ the coated at least one tubular member into contact widi die preexisting 
Structure using an expansion cone that engages the coating. 

Also according to the second aspect of the jureaenc invention, there is provided 

20 apparatus^ comprising: a preexisting stnicture and at least one tubular member coupled to 
the preexisting structure by the process of coating the interior surface of the at least one 
tubular member with a first part of a lubricant; positioning the at least one tubular member 
within a preexisting structure; circulating a fliudic material having a second part of the 
lubricant into contact with the coating of the first pari of the lubricant; and radially 

25 expanding the coated at least one tabular member into contact with the preexisting 
structure using an expansion cone dial engages the coating. 

Brief Description of the Drawings 
Embodimmtts of the present invention will now be described by way of example 
only, with reference to the accompanying drawings in which: 
30 Hg. 1 is a flow diart iflustiating a prefisixtd embotUment of a method for coupling 

a plurality of tubular members to a preexisting structure. 
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Fig. 2 is cross sectional illustration of a plondity of tubular members including in 
internal coating of a lubricant* 

Fig. 3 is a fiagmentaiy cross sectional tllus&ation of the radial expansion of the 
tubular membm of Fig. 2 into contact witfi a prcexistii^ structute; and 
S Fig. 4 is a flow chart illustrating an alternative prefeited embodiment of a method 

&r coupling a fdurality of tubular membcia to a pieexisting structure. 

Detailed Description 

A method and ^paraius for coupling tubular members to a fweexisting stnicture is 
provided. The internal suribces of the tid>ular members are coated with a lubricant. The 
tubular membeiB are then radially exprnicd mto contact wifh a preexisting structure. In 
several ahemative 6mbodimenU» the method and i^paralus are used to forai and/or repair a 
weOboce ca$ing» a pipeline, or a structural sappoxL 

In Fig. U a preferred embodiment of a method 100 for fonning and/or repairing a 
wellbore casing» pipeline^ or structural support includes the steps of: (1) providing one or 
more tubular members in step lOS; (2) applying a lubricant coating to the interior walls of 
the tubular members in step 1 10; (3) coupling the first and second tubular members in step 
115; and (4) radially expanding the tubular members into contact with the preexisting 
smicture in step 120. 

As iUttstxated in Fig. 2, in a preferred embodiment, in step 10S» a first tubular 
cnemher 205 having a first dueaded portion 210 and a second tubular member 215 having a 
second threaded portion 220 are provided. The first and second tubular members^ 205 and 
215, may be any number of conventional commmially available tubular members. In a 
preferred embodiment^ the first tubular member 205 includes a recess 225 containing a 
scaling member 230 and a retaining ring 235. In a preferred embodiment, the first and 
second tubular members, 205 and 210, are fiirther provided substantially as disclosed in 
US Patent No. 6,497,289 and Australian Patent No. 767364; Australian Patent No. 770008; 
Australian Patent No. 771884; US Patent No. 6328,113; US Patent No. 6,640,903; US 
Patent No. 6,575,240; US Patent No. 6J557fi4Q and Australian Patent No. 773168; US 
Patent No. 6.604.763 and filed as AU 37920/00; Australian Patent No. 776580; US Patent 
No. 6.564,875; US PMcnt No. (,568,471 . 

In a preferred embodiment, in step 1 10» a coating 240 of a lubricant is applied to 

.3- 
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the interior sur&ces of the first and second tubular members, 205 and 215, Hie coating 
240 of lubrieant may be applied prior to, or afler» the Grst and aeeond tubular memberS) 
205 and 21 S» are coupled. The coating 240 of lubricant may be applied using any number 
of ccmvoitioiial methods aoeh as, for example* dipping, injecting, spraying, sputter coating 

5 or dectroatalic depositioit la a piclencd embodimcnl, the coating 240 of hibricant is 
chemically^ mechanically, and/or adhesively bonded to the interior surfaces of the first and 
second tubular members, 20S and 21S» in order to optbnally provide a durable and 
COttsistBiA lubricating efEect * In a prefixed embodiment, the force that bonds the lubricant 
to the interior surfoces of the first and second tubular members* 20S and 215, is greater 

10 than the shear force applied during the radial expansion process. 

In a piefoned embodiment, the coating 240 of lubricant is applied to the interior 
surfaces of the first and second tubular members, 205 and 215, by fifst applying a phenolic 
primer, to the interior surfaces of the first and second tubular members, 205 and 215. and 
then bottdii^ the coating 240 of lubricant to tiie phenolic primer using an antifriction paste 

IS hmng the coating 240 of lubricant carried in an epoxy resin. In a preferred embodiment,, 
the antifiidion paste includes, m parts by weight, 40-80 cpoxy icsin^ 15-30 molybdenum 
disniSde. 10-15 gn^hite. S-10 aluminum, 5-10 copper» 8-15 alumisilicate, and 5-10 
polycthylencpotyamine. Id a preferred embodiment, the antifiietion paste is ivovided 
substantially as disclosed in U.S. Patent No. 4329,238» 

20 The coathtg 240 of lubricant may be any number of conventional commercially 

available lubricants such as, for example, metallic soaps or zmc phosphates* In a preferred 
embodiment, the coating 240 of lubricant is compatible with conventional water, oil and 
synthetic base mud formulations. In a preferred embodiment, the coating 240 of lubricant 
reduces meial-to-metal fiictional fences, preferably by about 50%, and provides a 

25 coefficient of dynamic friction of between abom 0.0B to 0.1 during the radial expansion 
pocess. In a piefenod embodiment^ the coating 240 of hibricant does not increase the 
tOJdcAy of conventional base mud foimulations and will not shear in synthetic mud. hi a 
pruned embodunent* the coatmg 240 of liibricant is stable for temperatures ranging from 
about -100 to 500*7 (-73 to 260^:). bi a preferred embodiment, the coating 240 of 

30 lubricant is stable when exposed to shear stresses. In a preferred embodiment, the coatbig 
240 of hibricant is stable for storage periods of up to about 5 years. In a pieferred 
embodiment, the coating 240 of lubricant provides corrosion protection foft expandable 

-4- 
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tubular membeis during stomge and transport 

In a piefened embodiment^ the coating 240 of lubricant includes sodium, calciusi» 
imd/or zinc stcaiates; and/or zinc and/or manganese phosphates; and/or C-Lubc-lO; and/or 
C-Phos-58-M; and/or C-Phos-SB-R; and/or polytctrafluoroethylene (PTFB); and/or 
5 molybdoium disulfide; and/or metallic soaps (stcarates^ oleates, etc..) in order to 
optimaUy inavide a coatbg of lubricant In a preferred embodiment, the coating 240 of 
htfarieant provides a slidii^ coefficient of fiidion less than about 0^0 in order to optimally 
reduce the force required to radially expand the tubular membm, 205 and 215^ using an 
expattdOQCOne. 

10 In a preferred embodiment, in step 1 IS, the first and second tubular members, 20S 

and 215, are coupled. The first and second tubular members, 205 and 215, may be coupled 
using a threaded connection, or, attemativcly, the first and second tubular members, 203 
and 215, may be coupled by welding or brazing. In a preferred embodiment, the first and 
second tubular mmbers, 205 and 215, are coupled substantially as disclosed in the above 

15 US and Australian patent specifications. 

Ab illustrated in Fig. 3, in steps 120» the first and second tubular members 205 and 
215 are then positioned within a preexisting structure 505, and radislly expanded into 
Gontad ^vifli the interior walls of the preexistteg structure 505 using an expansion cone 
510. Hie tubular mmbers 205 and 215 may be radially expanded into intitmite contact 

20 with the interior walls of the preexisting structure 505, for example, by: (1) pushing or 
pulling the expansion cone 510 through the interior of the tubular members 205 and 215; 
and/or (2) piosstnizing the region within die tubular members 205 and 215 behind the 
esqjansion cone 5 1 0 with a fluid. In a preferred embodiment, one or more sealing members 
5 15 ate fiirdier provided on the outer surface of the tubular members 205 and 21 5, in order 

25 to optimally seal ti» interface between the radially expanded tubular members 205 and 2 1 5 
and the imerlor walls of the preexisting sorueture 505. 

In a pxefened embodtmoit, the radial expansion of the tubular merobeis 205 and 
215 inlo ecmlaet with the interior walk of the preexisting structure 505 is performed 
substanrially as disclosed in one or more of the above US and Australian Patent 

30 specification. 

As illustrated in Fig. 4, an alternative embodiment of a method 400 for foraiing 
aod/or repairing a wellbore casing, pipeline, or structural support includes the steps of : (1) 
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providing one or more tubular members in step 405; (2) q)plying a coating including a first 
pait of a lubricant to the interior walls of the tubular members in step 410; (3) coupling the 
first and second tubular members in step 41S; and (4) radially expanding the tubular 
menibeis into contact with the preexisting structure while also circulating fhddic materials 
S into contact with the bvterior walls of the tubular membezs having a second part of the 
lubricant in step 420. 

In a peiened embodiment, in step 410, a coating including a first part of a 
lubricant is applied to the interior walls of the tubular members, 205 and 21 5. 

In a prefenred embodbnent» the first part of the hibricant fonns a first pait of a 
10 metallic soap. In an preferred embodiment, the first part of the lubricant coating includes 
zinc phosphate. 

In a prefencd embodiment. In step 420, a second part of the lubricant is circulated 
within a fluidic canrier into contact vrith the coating of the first part of the lubricant applied 
to the interior walls of the tubular members, 205 and 215. In a prefenred embodiment, the 

IS fiist and second parts react to form a lubricating layer between the interior walls of the 
tubular members, 205 and 213, and the exterior suifiiicc of the expansion cone. In tliis 
manner, a lubricating layer Is provided b exact concentration, exacdy when and where it is 
needed. Furthermore, because the second part of the lubricant is circulated in a carrier 
fluid, the dynamic interface between the interior surfaces of the tubular members, 205 and 

20 215, and the exterior surface of the expansion cone 510 is also preferably provided with 
hydrodynamic lubrication. In a preferred embodiment, the first and second parts of the 
lubricant react to form a metallic soap. In a preferred embodiment, the second part of the 
lubricant is sodium, calcium and/or zinc stearate. 

In several experimental exempkry embodiments of the methods 100 and 400, the 

25 . foUowii^ observations were made regarding lubricant coatings for expandable tubular 
members: 

(1) boundary hibrication with a lubricant coating having high adhesion (Mgh 
film/shear strength) to the expandable tubular is the single most important 
lubricant/hibiication process in the radial expansion process; 
30 (2) hydrodynamic lubrication plays a secondary role in the lubrication process; 

(3) expandable tubular lubricant coating offers the more reliable and more 
effective form of boundary hibikation; 
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(4) a liquid lubricant viscosity and/or film strength that provides effective, 
consistent boundaiy lubrication typically limits the effectiveness of 
additives for the mud alone to provide the necessaiy lubrication while 
mointainb^ drilling fluid properties (rheology, toxioty); 
S (S) consiatem reductions of 20 to 25 percent in propagation force during the 

radial expansion process (compared to uncoated expendable tubular control 
results) were obtained with (he following dry Cbn coatings: (1) 
polytctrafluoroethylene (PTFB). (2) molybdenum disulfide, and (3) metallic 
soap (stcarates). d^e results arc for laboratoiy tests on oie inch diy pipe, 
10 in the absence of any drillii^ fluid; 

(6) a 20 to 25 percent reduction in propagation force during the radial 
expansion process was observed; 

(7) synthetic oil muds do not Really provide sulBScienl, reliable lubrication 
forimcoated pipe; 

15 (8) the coefficient of fiiction for expandable tubular lubricant coatings remains 

essentially constant across a wide temperature range; 
(9) the expected application range for expandable tubular casing expansion is 
between W F and 400'F (4 to 204*C), this range is well within the 
essentially constant range for coefficient of friction for good coatings; and 

20 (10) good extreme pressure boundary lubricants have a characteristic of 

performing better (lower coefficients of friction) as the load increases^ 
coefficients of fiiction between 0.02 and 0<08 are reported for some 
coatings. 

In a preferred embodinnent, the optimum lubrication for in-situ expandable tubular 
25 radial expansion operations using the metbocb 100 and/(^ 400 includes a combination of 
lubrication techniques and lubricants. These can be summarised as follows: (1) extreme 
pressure lubricants/lubrication techniques; and (2) hydrodynamic lubrication from (he fluid 
in the pipe dtiring expansioit 

Extreme pressure lubrication is preferably provided by: (1) liquid extreme pressure 
30 lubricants added to the fluid (e.g., drilling fluids etc) hi contact with the imenuil surface of 
the expandable tubular during the radial expansion process, and/or (2) solid lubricants 
added to, or contained ^thin, the fluid in contact with the internal sur&ce of the 

.7- 
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expandable tubular member during the radial expansion process, and/or (3) solid lubricants 
applied to the intenial surface of the expandable tubular member to be radially expanded, 
and/or (4) combinations of (1)^ (2) and (3) above. 

Liquid extreme i»t$$iire lubricant additives preferably work by diemicaUy 
S adhering to or being strongly sttrocied to the surface of the expandable tubular to be 
expanded* These types of liquid extreme pressme lubricant additives preferably foan a 
*fibn' on the surGice of the expandable tubular member. The adhesive strength of this film 
is preferably greato* than the Aeaiing force along the internal surface of the expandable 
tubular member during the radial expansion process. This adhesive force is referred to as 
10 film strength. The film strength can be increased by increasing the viscosity of the fluid. 
Common viscosificrs^ such as polymeric additives, arc preferably added to the fluid in 
contact with the internal sur&cc of the expandable tubular member during the radial 
expansion process to increase lubrication. In a preferred embodiment, these liquid extreme 
pressure lubricant addithres include one or more of the following: polyacrylamide 
IS polymers. AMPS-aciytamide copolymers, modified cellulose derivatives such as, for 
example, hydroxyetfaylcelhilose. caxboxymethylhydroxyethyl cellulose, polyvinyl alcohol 
polymers, polyvinyl acetate polymers, polyvinyl alcohol/vinyl acetate copolymers, 
pcdyvinyl pynrolidone and copolymeis including polyolefins* latexes such as» for example* 
styrene butadiene btex, urethane latexes, styrene-maleic anhydride copolymers, viscosity 
20 index impruveis for motor oUs such as polyacrylate esters, block copolymers including 
siyrene, isoprene butadiene and ethylene, ethylene acrylic acid copolymers. 

In a preferred embodiment, extreme pressure lubricatioii is provided using solid 
lubricants that are applied to the internal surface of the expandable tubular member. These 
solid lubricants can be applied using various conventional methods of applying a film to a 
2S surEMie. In a preferred embodimeat, these solid lubricants are applied in a manner that 
ensures that the solid lubricants remain on the sur&ce of the expandable tubular member 
during installation and radial expansion of the ttcpandable tubular member. The solid 
hifaricantfi preferably include one or more of the following: graphite, molybdenum 
disulfide, lead powder, antimony oxide, poly tetrafluoroetbylcne (PTFE), or silicone 
30 polymers. Furthermore, blends of these solid lubricants are preferred. 

In a ]»eferred embodiment, the solid lubricants are applied directly to the 
expandable tubulais as coatings. The coating of the solid lubricant preferably includes a 
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binder to help hold or fix the solid lubricant to the expimdable tubular. The binders 
preferably include curable .resins such as, for example* epoxies, acrylic, urea- 
fannaldehyde, mdamine formaldehyde, ftiran based resins, acetone formaldehyde, 
phenolic^ alkyd resins, silicone modified alkyd resins, etc* The binder is preferably selected 
5 to withstand die expected temperature range, pH, salinity and fluid types during the 
installation and radial exjMnsion operations. Polymeric materials are preferably used to 
bind the solid lubricants to the expanxfeblc tubular such as, for example, '^self-adhesive*' 
polymers such as those copolymeis or teipolymeis based upon vinyl acetate, vinyl 
chloride, maletc anhydiidc/malcic acid, and ethylene-acH^lic acid copolymers, ethylene*- 
10 methaciylic acid copolymers and ethylene*viny] acetate copolymers. In an alternative 
embodiment, the solid lubricants are applied as suspensions of fine particles in a carrier 
solvent without the presence/use of a chemical binder. 

In a preferred embodiment, the solid lubricant coating and the liquid lubricant 
additive (added to the fluid in contact with the Internal surfece of the expandable tubular 
I* II IS member during the radial c7q;>ansion process) Interact during the radial expansion process 

to improve the overall hibrication. In an exemplary embodiment, for phosphate solid 
lubricant coatings, manganese phosphate is preferred over zinc or iron phosphate because 
it more efibctrvely attracts and retains liquid lubricant additives such as oils, esters, 
amides, etc. 

20 In a preferred embodiment, solid lubricant coatings use binders that provide low 

firiction that is enhanced under extreme pressure conditions by the presence of the solid 
lubricant. Prefened solid lubricant coatings includes one or more of the following: 
graphite, molybdenum disulfide, silicone polymers and polytetrafluoroethylene (PTFE). In 
a prefened embodimrat, blends of diese materials are used since each material has 
23 lubrication characteristics that optimally work at different stages in the radial ^pension 
process. In a preferred embodiment, a solid, dry film lubricant coating for the internal 
sur&ce of the expandable tubular mcludes: (1) 1 to 90 percent solids by volume; (2) more 
preferably, 5 to 70 percent solids by volume; and (3) most prefi^ably, IS to 50 percent 
solids by volume. In a preferred embodiment, the solid lubricants include: (1) 3 to BO 
30 percent graphite; (2) S to 80 percent molybdenum disulfide; (3) 1 to 40 percent PTFE; and 
(4) 1 to 40 percent silicone polymers* 
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In several exemplary embodiment, the liquid lubricant additives include one or 
more of. the following: (1) esfcra including: (a) organic acid esters (preferably fatty acid 
esters) such as» for example, trimethylol propane, isopropyl, penterilhiitol, n^butyl, etc; (b) 
glycerol tri (acetoxy stcanitc) and N, N* ethylene bis 12 hydioxystearate and octyl 
S hydtoxysteatate; (c) phoqihate and phosphito such as, for example, bu^lated triphenyl 
phosphate and isodiphenyl phoq>hate; (2) sulfiirized natural and synthetic oils; (3) 
alkanolamides such as» for example, coco dtethanolarokle; (4) amines and amine salts; (S) 
olefins and poiyoleiins; (6) C-8 to C-lS linear alcohols and derivatives containinfi or 
consisting of esters, amines^ carboxylates, etc.; (7) overbased sulfonates such as, for 
10 example, calcium sulfonate, sodium sulfonate, magnesium sulfonate; (8) polyethylene 
glycols; (9) silicones and siloxanes such as, for example, dimethylpolysUoxanes and 
fluorosilicone derivatives; (10) dinonyi phenols; and (11) ethylene oxide/propylene oxide 
blodc copolymers. 

Where a liquid lubricant is mjected into contact with the expandable tubular 

IS assembly, ttbe liquid lubricant matcml may be selected from: polyaciylamide polymers, 
AMPS^acrylamidc copolymers, modified cellulose derivatives, faiydroxycthylcellulosc, 
carboxymethyl. hydroxyethyl cdlulose> polyvinyl alcohol polymers, polyvinyl acetate 
polymers, ftAyvinyl alcoholAdqyl acetate copolymers, polyvinyl pyrrolidone, copolymers 
includii^ polyolefins, latexes, styrene butadtene latex, urethane latexes, styrene-maleic 

20 anhydride copolymers, viscosity index improvers for motor oils, polyacrylate esters, block 
copolymers including styrene, isoprene butadiene and ethylene, ethylene acrylic acid 
copolymers, esters, organic acid esters, trimethylol propane, isopropyl, penterithritoi, 
n*butyl, glycerol triacetoxy stearate, N,N' ethylene bis 12 hydroxystearate, octyl 
hydroxystearate, phosphate, phosphite, butylated triphenyl phosphate, isodiphenyl 

25 phosphate, sulfurized natural oils^ synthetic otls» alkanolamides, coco dietfaanolamide, 
ambus, amine salts, olefins^ polyolefms, C-8 to C*18 linear ateohols and derivatives 
mchidittg esters, amines* carboxyhtes, overbased sulfonates, calcium sulfonate, sodium 
sulfonate^ magnesium sulfonate, polyethylene glycols, silicones, siloxanes, 
dimethylpoIysUoxanes, fluorosilicone derivatives, dinonyl phenols, and ethylene 

30 oxide/jpropyiene oxide block eopolymers. In a prefe r red embodiment, the injected 
lubricant material includes a soHd lubricant material. In a preferred embodiment, the solid 
lubricant material is selected ixom the group consisting of: graphite, molybdenum 
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disulfide, lead powder^ anilmoQy oxide, poly tetrafluoroethy1ene» and silicone polymers. 
In a preferred embodiment, the method further includes: coating the interior surfaces of the 
tubular members with a lubricant prior to positioning the tubular members within the 
preexisting stmcbire* In a prefened embodiment^ the lubricant coating includes a first part 
S of a lubricating substance; and the iiyected lubricatmg material inohides a second part of 
tho lubricatinig substance. 

A method of coupling an expandable tubular assembly including one or more 
tubular members to a preexisting stnKtue has been described that includes: coating the 
interior surfaces of the tubular membeis with a first part of a lubricant, positioning the 
10 tabular members within a preexistfa^ stnicture, circulating a fluidio material including a 
second part of the lubricant into contact with the coating of the first part of the lubricant* 
and radially expanding the tubular members into contact with the preexisting structure. In 
a preferred embodiment, the lubricant includes a metallic soap. In a preferred 
embodiment, the lulmcant is selecud fiom the group consisting of sodium^ calcium, and/or 
15 zinc stoaratcSt zinc phosphates, manganese phosphate^ C-Lube*IO, C-PHOS-58-M, and C- 
PH0S-5S-R. In a prefened embodiment, the lubricant provides a sliding friction 
coefScient of less than about 0.20. In a preftned embodiment, the first part of the 
lubricant is chemically bonded to Ihe interior surfaces of the tubular members. In a 
ptefened embodiment, the first pait of tiie lubricant is medumically bonded to the intmot 
20 surftces of the mbular members. In a preferred embodiment, the first part of the lubricant 
is adhesively bonded to the interior sur&ce of the tubular members. In a preferred 
embodiment, the method further incltxdes: combining the first and second parts of the 
lubricant to generate the lubricant. 

Apparatus has been described duU includes a preexisting structure and one or more 
25 tububr members coupled to the preexisting structure. The tubular members are coupled to 
the pfuemisdng struetuie 1^ the process of: coating tiie inmior sur&ces of the tubular 
members witii a first part of a lubricant, positioning titc tubular members within a 
I»e«dsting structure, cireuhiting a fltiidic materials having a second part of die lubricant 
Into contact with the coatiiQ of the first part of the lubricant^ and radially expandiiig the 
30 tubular members into contact with the preexisting structure. In a preforcd embodiment* 
the lubricant includes a metallic soap. In a preferred embodiment, the lubricant is selected 
fiom the fgfoup consisting of sodium, calcium, and/or zinc stearates, zinc phosphates, 
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manganese phosphate, C-Lubc-10. C-PHOS-58-M, and C-PHOS-58-R. In a preferred 
embodiment, the lubricant provides a sliding friolion coefficient of less than about 020. In 
a prefmed embodiment, the first part of the lubricant is chemically bonded to the interior 
surfaces of the tubular members. In a preferred embodiment the first part of the lubricant 
5 is mechanically bonded to the interior surftccs of the tubular members. In a prefmed 
embodimem, the first part of the lubricant is adhesively bonded to the interior sui&ce of 
the tubular members. In a preferred embodiment, the ^iparatus further inchides combbing 
the first and second parts of the lubricant to generate the luMcant 

Although this detmled description has ahoivn and described illustradve 

10 embodiments of the invention^ this description contemplates a wide range of modifications, 
changes, and substitutions. In some instances, one may employ some features of the 
present invention without a corresponding use of the other features. Accordingly, it is 
appropriate that readers should construe the appended claims broadly, and in a maimer 
consistent with the scope of the invention. 

15 The reference to any prior art in this specification is not, and should not be taken 

as, an aclcnowiedgment or any form of suggestion that that prior art forms part of the 
common general kno'wledge in Australia. 

Ihioughottt this specification and the claims which follow, unless the context 
requires otherwise, the word **comprise"f and variations such as ''comprises** and 

20 "comprising**, will be understood to imply the inclusion of a stated integer or step or group 
of integers or steps but not the exohision of any other integer or step or group of integers or 
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS: 

K A method of coupling an expandable tubular assembly including at least one 
tubular member to a preexisting structure^ comprising: 
S coating the interior surface of the at least one tubular member with a hibricant; 

positioning the coated at least one mbular member within a prccxistmg structure; 
and 

radially expan£ng the coated at least one tubular member into contact with the 
preexisting structure using an expansion cone that engages the coating. 

10 2. A method of coujding an expandable tubular assembly including at least one 
tubular member to a preexisting structure, comprising: 

coating the interior surface of the at least one tubular member with a first part of a . 
lubricant; 

positiomng the coated at least one tubular member within a preexisting structure; 
IS circulating a fluidic material including a second patt of the lubricant into contact 

with the coating of the first part of the lubricant; and 

radially expanding the coated at least one tubular member into contact with the 
preexisting stnicture using an expansion cone that engages the coating. 

3« The method of claim 1 or 2, wherein the at least om tubular member comprises a 
20 ivellborc casing. 

4. The method of claim 1 or 2, wherein the at least one tubular member comprises an 
underground pipe. 

5. The method of claim 1 or 2« wherein the at least one tubular member comprises a 
strucftiral suppoit 

25 6. The method of claim l\ wherein the coating of lubricant is chemically bonded to 
the interior surface of the at least one tubular monber. 

7. The method of claim 1 , wherein the coating of lubricant is mecbanicalty bonded to 
the interior sutfiwe of the at least one tubular member. 
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8. The method of claim l»ivherein the coating of lubricant is adhesively bonded to the 
interior surface of the at least one tubular member. 

9. The method of claim 1 ^ wherein the coating of lubricant includes: 

a primer coating coupled to the mterior surface of the at least one tubular member; 



a coating of an antifriction paste coupled to the primer* 

20. The method of claim 1, ivherein the coating of lubricant includes. In parts by 
weight: 

40*80 ^xy lesin, 15*30 molybdenum disulfide, 10-15 graphite^ 5-10 
10 aluminum, 5-10 copper, 8-15 alumisilicate, and 5-10 

polyediylenepolyamine. 

1 1 . The method of daim lot 2, wherein the lubricant comprises a metallic soap. 

12. The method of daim 1 or 2, \rtierein the lubricant comprises zinc phosphate. 

13. The method of claim 1 or 2« wherein the lubricant provides a coefficin&t of 
15 dynamic friction of between about 0.08 to 0.1. 

1 4. The method of daim 1 or 2, ivherein die hibricam comprises one or more of: 
socUum steamtes, cddum stearates, dnc steacales, zinc phosphate, manganese 
phosphate, C-Lube-10, C-Phos-58-M» C-Phos-58-R, polytelraflwroediylene, 
molybdenum disulfide, and metallic soaps. 

20 15. Hie method of claim 1 or 2, wherein the lubricant provides a sliding coeflicient of 
fiicfion less than about 0.20. 

1 6. The method of claim 1 or 2, w^ierein the lubricant comprises one or more of: 

polyacrylamide polymers, AMPS-acrylamide copolymers, modified cdlulose 
derivatives, bydroxyethyicellulose, carbo?qnaiethyI hydroxyet^yl cellulose, 
25 polyvinyl akohd polymers, polyvinyl acetate polymers, polyvinyl alcohol acetate 

copolymers, poIyvia(yl vinyl acetate copolymers, polyvinyl pyrrolidone and 
copolymers including polyolefins, latexes, atyrcnc butadiene latex, urcthane 
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latexes^ slyrene-maleic annhydride copolymers^ viscosity index impravers for 
motor oils, polyocrylate esters, block copolymers including styrene, block 
copolymers including isoprene butadiene^ block copolymers including ethylene, 
and ethylene acrylic acid copolymers. 

5 17. The roediod of datm 1 or 2, wherein the lubricant comprises one or more of: 

graphite, molybdenum disulfide, lead powder, antimony oxide, poly 
tetrafhi^oediylene, and silicone polymers. 

18. Hie m^hod of claim 1, wherein die coating of lubricant comprises: 
a8olidh)bricant;and 

10 a binder. 

19. The method of claim 18, ^eieln the binder is selected fiom: 

epoxy, acrylic, urea-fonnaldehyde, melamine formaldehyde, furan based resin, 
acetane fbnnaldebyde, phenolic, alkyd resins^ and silicone modified alkyd resin. 

20. The method of claim 1 8, wherein the binder is selected from: 

IS vinyl acetate, vinyl chloride, maleic annhydride* roaleic acid, ethylcne-acrylic acid 

copolymm. ethylene-mediacrylic acid copolymers, and ethylene-vinyl acetate 
copolymers. 

21. The method of claim 1 or 2» >^erein the lubricant comprises a suspension of 
particles in a carrier solvent. 

20 22. Tbt method of claim 1 or 2, wherein the lubricant comprises one or more of: 
manganese phosphate, zinc pho^hate, and iron pho^hate. 

23. The method of claim 1 or 2, wherein the hibricant comprises: 
about 1 to 90 percent solids by volume. 

24. The method of daim 23, wherein Ae lubricant comprises: 
2S about S to 70 percem solids lyyvohme. 

25. The method of claim 24, wherein the lubricant comprises: 
about 15 to 50 percent solids by volume. 
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26. The method of claim I or 2, wherein the lubricant comprises: 
about S to 80 percent graphite; 

about 5 to 80 percent molybdenum disulfide; 
about 1 to 40 percent FTFE; and 
about 1 to 40 pment stUcone polymers. 

27. The method of claim 1 or 2, ivherein the lubricant comprises one or more of: 
ester; 

sulfiirized oil; 
alkanolamides; 
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amino salt; 

olefin; 

polyolefins; 

C-8 to C- 1 8 Knew alcohol; 
i 5 derivative of C-8 to CA 8 linear alcohol including e^ter; 

derivative of C-8 to C-18 linear alcohol including amine; 
derivative of C-8 to C-18 linear alcohol including caiboxylate; 
sulfonate; 

polyethylene glycol; 
20 silicone; 

siloxane; 
dinonyl phenol; 

ethylene oxide block copolymer; and 
propylene oxide block copolymer. 

25 28. Appamtns, comprising: 

a preexisting structure; and 

at least one mbular member coupled to Ae preexisting structure by the process of: 
coating die interior surface of the at least one tubular member ivith a hibricant; 
positioning the coated at least one tobvS&t member within a preexisting structure; 
30 and 

radially expanding the coated at least one tubular member into contact with the 
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preexisting structure using an expansion cone that engages the coating. 

29. Appuatm, comprisifig: 

a piecxisting structure; and 

at least one tubular member coupled to the preexisting structure by the process of: 
S coating the interior sur&ce of the at least one tubular member with a first part of a 

lubricant; 

positioning the at least one tubular member within a preexisting structtur; 
circulating a flwdic material having a second part of the lubricant into contact with 
Ac coating of the first part of the lubricant; and 
10 radially expanding the coated at least one tubular member into contact with the 

preexisting structure using an expansion cone ttat engages the coating. 

30. The apparatus of claim 28 or 29» wherein the at least one tubular member 
oMnprises a wellbore casing, 

31. The apparatus of claim 28 or 29, wherein the at least one tubular member 
1 5 comprises an underground pipe. 

32. The apparatus of claim 28 or 29, wherdn the at least one tubular member 
comprises a structural support 

33. The q)paratus of claim 28, wherein the coating of lubricant is chemically bonded to 



the interior surface of the at least one tubular member. 



20 34. . The apparatus of claim 28, wherein the coating of lubricant is mechanically bonded 
to the interior surface of the at least one tubular member. 

35. The apparatus of claim 28, wherein the coating of htbricant is adhesively bonded to 
the interior surface of the at least one tubuhir member. 

36. The apparatus of claim 28» wherein the coating of lubricant includes: 

25 a primer coating coupled to the interior surface of the at least one tubular member; 

and 

a coating of an antifriction paste coupled to the primer. 
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37. The ^paratus of claim 28, wheiein the coating of lubricant includes, in parts by 
weight: 

40-80 q>oxy resin, 15-30 molybdenum disulfide 10-lS graphite, 5-10 aluminum, 
5-10 coi^pcr, 8-15 alumisilicate. and 5-10 polyethylenepolyamine. 

5 38. The apparatus of claim 28 or 29» wherein the lutaicant comprises a metallic soap. 

39. The apparatus of cUdm 28 or 29, wbmin the lubricant comprises zinc phosphate. 

40. The apparatus of claim 28 or 29, M^ierein the lubricant provides a coefficient of 
dynamic friction of between about 0.08 to O.h 

41 . The apparatus of claim 28 or 29, wherein the lubricant comprises one or more of^ 
10 sodium stearates, calcium steaiates, zmc stearates^ zinc phosphate, manganese 

phosphate, OLube-10, C-Phos-58-M» C-Phos-58-R, polytetrafluoioetbylene, 
molybdenum disulfide, and metallic soaps. 

42. The ai^iaratus of claim 28 or 29, wherein the lubricant provides a sliding 
coefildem of Mction less than about 0.20. 

15 43. The i^^patatus of claim 28 or 29, wfaexein the lubricant comprises one or more of: 

polyacrylamide polymeis, AMPS*acrylamide copolymers, modified cellulose 
derivatives, hydrpxyethylcellulose, carboxymetb^ hydroxyethyl cellulose, 
polyviiiyl alcohol polymers^ polyvinyl acetate polymers* polyvinyl alcohol acetate 
copolymers, polyvinyl vinyl acetate copolymers, polyvinyl pyrrolidone and 

20 copolymers including polyolefins, latexes, styrene butadiene latex, urethane 

latexes, sQ^iene-maleic annhydride copolymers, viscosity index improvers for 
motor oils, polyaciylate esters, block copolymers including styrene, block 
copolymers induding isoprenc butadiene, block copolymers including ethylene, 
and ethylene acrylic acid copolymers. 

25 44. The fl|>paratu$ of claim 28 or 29, wherein the lubricant comprises one or more of: 

graphite, molybdenum disulfide, lead powder, antimony oxide, poly 
tetiuflttoroethylene. and silicone polymeis. 
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45. The apparatus of claim 2i, whereia the coating of lubricant comprises: 
a solid htbricant; and 

a binder* 

46. Tho apparatus of claim 4S» wherein the binder is selected from: 

5 cpoxy, aciylic» uzca-fonnaldebydCy melamine formaldehyde, tumn based resin, 

acetone fbnnaldehyde, phenolic, alkyd ie$in$» and silicone modified alkyd resin. 

47. The qqpaiactus of claim 45, Mdieicin the binder is selected iiom: 

vinyl acetate, vinyl chloride, maleic annhydride, maletc acid, ethylene-acrylic acid 
copolymers, ethyloie-niethacrylic acid copolymers, and etfaylcne-vlnyl acetate 
10 copolymets» 

48* The apparatus of claim 28 or 29, wherein Ac lubricant comprises a suspension of 
particles in a carrier solvenl 

49. The apparatus of claim 28 or 29, wherein the lubricant comprises one or more of: 
manganese phosphate, zinc phosphate, and iron phosphate. 

1 S SO. The apparatus of claim 28 or 29, wherein tho lubricant comprises: 
about I to 90 percent solids by volume. 

5 1 . The apparatus of clum SO, \riietoin the lubricant comjaises: 
about 5 to 70 percent solids by volume. 

52. The a]q»ratus of claim 51, wherein the lubricant comprises: 
20 about 15 to 50 percent solids by volume. 

53. The apparatus of claim 28 or 29, wherein the lubricant comprises: 
about 5 to 80 percent graphite; 

about 5 to 80 percent molybdenum disulfide; 
about 1 to 40 percent PITE; and 
25 about 1 to 40 percent silicone polymers. 

54. The apparatus of claim 28 or 29, wherein the lubricant comprises one or more of 
the following: 
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ester; 

Bulftirized oil; 
alkasiolaniidc5; 
amine; 
5 amine Bah; 

olefin; 
polyolefins; 

C«S to C-l 8 linear alcohol; 

derivative of C'B to C^l 8 linear alcohol including ester. 
1 0 derivative of C-S to C-1 8 linear alcohol including amine; 

derivative of C»8 to C-1 8 linear alcohol including carboxylale; 
sulfonate; 

polyethylene glycpl; 
silicon^ 
IS siloxane; 

dinonyl |Aenol; 

ethylene oxide block copolymer; and « 
propylene oxide block copolymer. 

20 55. A method of coupUtig an expandable tabular assembly including at least one 
tubular member to a preexisting ainicture. Ac method being according to claim 1 or 
2, substantially as hereinbefore described iwith reference lo the accompanying 
drawings. 

56. Apparatus according to claim 28 or 29. substantially as hereinbefore described with 
25 referenee to the accompanying drawing^. 

DATED fliis 20^ day of July» 2005 
Shdl Internattoaale Reseat A MaalsdiappQ B.V» 
By DAVIES COLLISON CAVE 
30 Patent Attorneys for ttie Applicant 
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